UK Patent Application GB „„ 2 422 859 ,,3, A 



(43) Date of A Publication 09.08.2006 



(21) 


Application No: 0506699.8 


(51) 


INTCL: 








E21B 43/10 (2006.01) 


(22) 


Date of Filing: 1Z11.2002 










(52) 


UK CL (Edition X ): 




Date Lodged: 01.04.2005 




E1FFLA 


(30) 


Priority Data: 


(56) 


Documents Cited: 




(31) 60338996 (32) 12.11.2001 (33) US 








(31) 60339013 (32) 12.11.2001 








(31) 60363829 (32) 13.03.2002 


(58) 


Field of Search: 




(31 1 OU3o79di \oZ} 1Z.tJD.ZQ02 




UK UL (bdition A 1 bir 








INTCL E21B 


(62) 


Divided from Application No 




Other: Online: WPl, EPODOC 




0412533.2 under Section 15(4) of the Patents Act 1977 






(71) 


AppliGant(s): 








Enventure Global Technology 








(Incorporated in USA - Delaware) 








16200-A Park Row, Houston, Texas 77084, 








United States of America 








(continued on next page) 







(54) Abstract Title: Collapsible expansion cone w ith cup seal 



(57) An apparatus for radially expanding and plastically defornning an expandable tubular, comprises a 
tubular support mennber 42 and a collapsible expansion cone 44 coupled to the support member. An 
expandable tubular 66 is coupled to the expansion cone, and at least one cup seal 24, 28 is coupled to the 
exterior of the support member for sealing an interface between the support member and the expandable 
tubular. The apparatus also includes means for collapsing the collapsible expansion cone« such as a 
mechanism using a drop ball (110, fig 12). 




GB 2422859 A continuation 

(72) Inventor(s): 

Brodc Wayne Watson 
David Paui Brisco 

(74) Agent and/or Address for Service: 
IHaseitine Laice & Co 
Redcliff Quay, 120 Redcltff Street, 
BRISTOL, BS1 6HU, United Kingdom 




Fig. 2b 



mo 




50b 
50e 



Fig. 3 



4/20 




5/20 



34 




Fig, 3b 



6/20 




Fig. 4 



7/20 



0 



46bbb 
38cbb 




Fig. 4 a 



38b 38 9/20 




10/20 

38 




Fig. 7c 



38 



11/20 



38aa 




38a 38b 38b 



38cb 



38cc 




38cc 



Fig, 7d 



38aa 



38a 



38 ' 
/ 

38b 38b 

Wloti 




38cb 



38cc 



Fig. 7e 




40b 40b 



Fig. 7f 




Fig. 8a ^iS- Sc 




Fig. 8e 




14/20 



34da 



r-34d 



Fig. 10a 




Fig. 10b 




^ig- 11a Fig. lib 



16/20 




Fig. 12 



n/20 




Fig. 13 



18/20 



10 



38b 38 




Fig. 14 



19/20 

10 

^ 38 




50fa 50fa 



Fig. 16 




Fig. 1 7a Fig 1 7^ 



2422859 



COLUPSIBLE EXPANSION CONE 

Cross Reference To Related Applications 

k _ I - 1 



20 



25 



30 



The present applicaSon ctelm, me benem 7^37, 
Men. 3pp„ca«„n senal no 60/^1 „ ' 
= ""^C»,. U.S. pro.s,on~eppr«: Tw' "'^ ^ 

60/363,829. a«oa,eydocke. no "Lt ^ nT 

paten. app„ca«^ l^J^^Z T " "-^^ 

0 ---e..o.e.o,r::i::zr:;:r^ - - 

o:::r re:rr: - - — ... no, 

app»ca«onsena,„o.09/5,0 9«' Z w °" "'S' P^ten, 

'>9'523,460, aaomey docket «, 25 9, '' 02 n . 

m us, patent appllcaBon senal no 09,5,7^ 1" ! ^ ' °" 

on 2C4/2O0O, (8) US patent ,LT ' '"^^''°*''™-2=''91-16.02, filed 

a..^vdo.etno,2a.9.23.02;:i'^2:r~pr; 

no. PCT/USOO/,8635, atto^y docket no 2579, 25 rZ "°" 
pro«s,o„al patent app»ca«on seri. no 6,^ 62 67 T' °" 
on ../,/,999, „2, U.S. ~el ^t^Crr" "'^ 
^et no. 2579,.29, filed on 9/,6/,^ ( 3^ ™' "°- ^""^^ 
no. 60/159,082, atton,ey docket no 2^^^^ '~ --^^ 

pro«s,o„alpatentapplica««,sedal„o 6<^^ 0^'r y'"""^' "S. 
on 10/,2/,999, (,5) U S provisions, ! , ' "^^ "°- 257S<.36, filed 

socket no. 2S79,.3l, r-ed^^: ^ ~ ^ attomev 

no. 60/2,2.359, attorney docket no 2579, ^ Z T"' 

paten, app„ca«on sertel no. 6^" 65^1« °" "-^^ ~al 

-o^e, no. 2579,.45, fHed 7Cr ,9^ 

no. 60C2,,645, attorney docket no 2579^^ "f^P™"^'onal Paten, applicattan serial 

ocket no. 2579,.46. flied on 7/28/2000, (20) U.S. provistonal 



0 



10 



15 



20 



25 



30 



patent application serial no. 60/233.638. attorney docket no. 25791.47 filed on 
9/18/2000. (21) U.S. provisional patent application serial no. 60/237.334'. attorney 

otlTn T''-'"' "'^ " '''' P^^-^ serial 

no 60/270.007. attorney docket no. 25791 .50. filed on 2/20/2001 . (23) U.S. provisional 

'2LT!^^" on 

1/17/2001. (24) U.S. provisional patent application serial no. 60/259.486. attorney 

1" " ^''^ ^PP'-tion seria' 

no 60/303.740. attorney docket no. 25791.61. filed on 7/6/2001. (26) U.S. provisional 

ITLT""'"" ^^^"^^^ 25791.59. filed on 

8/20/2001. (27) U.S. provisional patent application serial no. 60/317.985. attorney 
docket na 25791.67. filed on 9/6/2001. (28) U.S. provisional patent application seria' 
no 60/318.021. attorney docket no. 25791.58. filed on 9/7/2001. (29) U.S. provisional 

Tl'T""'"" '''''' 25791.67.02. filed on 

9/10/2001. (30) U.S. provisional patent application serial no. 60/326.886. attorney 

IVT''' " '''' "^"'^ p^*-^ no 

09 969.922. attorney docket no. 25791.69. filed on 10/3/2001. (32) U.S. provisional 
pa en application serial no. 60/338.996. attorney docket no. 25791.87. filed on 
11/12/2001. (33) U.S. provsional patent application serial no. 60/339.013. attorney 

om??'-''' " ^''^ "'"'^^ -al no. 

10 016.467. attorney docket no. 25791.70. filed on 12/10/2001. (35) U.S. provisional 

paten application serial no. 60/343.674. attorney docket no. 25791.68. filed on 
12/27/2001. (36) U.S. provisional patent application serial no. 60/346.309. attorney 
docket no 25791.92 filed on Amomo /^7\ no.-, 
no ! ' * PTOiSKinal pateni application serial 

no 60^57,372. attorney docke. no. 2579..71. filed on 2^15«)02, (38) U.S. provisional 

TlTi^Z "°- *<- » 

3/13«002. (39) U.S. provlsionai patent application serial no. 60/372,048, attorney 

no. 60/372,632, attorney docket no. 25791.101, filed on 4/16ao02 (41) US 
provisional patent applfcatlon serial no. 60/380,147, attorney docket no.' 25791 m 
filed on 5/6/2002, (42) U.S. provisional patent applicat™ serial no. 60/383 917' 
at.on«y docket no. 25791.89, filed on 5/29/2002, (43) U.S. provisk>nal p^tenl 

"°- ^^^l-'O'. file- on 6/10/2002 

(«) U.S. provisional patent applfcatlon serial no. 60/387.961, attorney docket no' 

25791.108. filed on 6/12C002. (45) U.S. prxMsbnal patent appllcaOon serial no' 



2 



60/391.703. attorney docket no. 25791.90. filed on 6/26/2002. (46) U.S. provisional 
patent application serial no. 60/397,284. attorney docket no. 25791.106. filed on 
7/19/2002, (47) U.S. provisional patent application serial no. 60/398.061. attorney 
docket no. 25791.110. filed on 7/24/2002, (48) U.S. provisional patent application serial 
no. 60/399.240, attorney docket no. 25791.111. filed on 7/29/2002. (49) U.S. 
provisional patent application serial no. 60/405.610. attorney docket no. 25791.119, 
filed on 8/23/2002. (50) U.S. provisional patent application serial no. 60/405.394! 
attorney docket no. 25791.120. filed on 8/23/2002. (51) U.S. provisional patent 
application serial no. 60/407,442. attorney docket no. 25791.125. filed on 8/30/2002, 
(52) U.S. provisional patent application serial no. 60/412.542, attorney docket no. 
25791.102. filed on 9/20/2002. (53) U.S. provisional patent application serial no. 
60/412.177. attorney docket no. 25791.117. filed on 9/20/2002. (54) U.S. provisional 
patent application serial no. 60/412.653. attorney docket no. 25791.118. filed on 
9/20/2002. (55) U.S. provisional patent application serial no. 60/412,544. attorney 
docket no. 25791.121. filed on 9/20/2002, (56) U.S. provisional patent application serial 
no. 60/412.187. attorney docket no. 25791.128. filed on 9/20/2002. (57) U.S. 
provisional patent application serial no. 60/412.187. attorney docket no. 25791.127, 
filed on 9/20/2002, (58) U.S. provisional patent application serial no. 60/412.487! 
attorney docket no. 25791.112. filed on 9/20/2002. (59) U.S. provisional patent 
application serial no. 60/412.488. attorney docket no. 25791.114. filed on 9/20/2002. 
and (60) U.S. provisional patent application serial no. 60/412.371. attorney docket no.' 

25791.129. filed on 9/20/2002, . (61) PCT Patent Application No. PCT/US02 

attorney docket no. 25791.87.02. filed on 11/11/02 and (62) PCT Patent Application 

No. PCT/US02 , , attorney docket no. 25791.88.02. filed on 11/11/02, the 

disclosures of which are incorporated herein by reference. 

Background Of The Invention 

This invention relates generally to oil and gas exploration, and in particular to forming 
and repairing wellbore casings to facilitate oil and gas exploration. 

During oil exploration, a wellbore typically traverses a number of zones vinthin a 
subterranean formation. Wellbore casings are then formed in the wellbore by radially 
expanding and plastically deforming tubular members that are coupled to one another 

3 



by threaded connections. Existing methods for radially expanding and plastically 
deforming tubular members coupled to one another by threaded connections are not 
always reliable or produce satisfacto^^ results. In particular, the threaded connections 
can be damaged during the radial expansion process. 

The present invention is directed to overcoming one or more of the limitations of the 
existing processes for radially expanding and plastically defomiing tubular members 
coupled to one another by threaded connections. 

Summary of the Invention 
According to one aspect of the present invention, an apparatus for radially expanding 
and plastically defomiing an expandable tubular member is provided that includes an 
upper tubular support member defining a first passage, one or more cup seals coupled 
to the exterior surface of the upper tubular support member for sealing an interface 
between the upper tubular support member and the expandable tubular member an 
upper cam assembly coupled to the upper tubular support member comprising- a 
tubular base coupled to the upper tubular support member, and a plurality of cam amis 
extending from the tubular base in a downward longitudinal direction, each cam arm 
defining an inclined surface, a plurality of upper expansion cone segments interleaved 
with the cam amis of the upper cam assembly and pivotally coupled to the tubular 
support member, a lower tubular support member defining a second passage fluidicly 
coupled to the first passage releasably coupled to the upper tubular support member 
and a lower cam assembly coupled to the lower tubular support member comprising- a 
tubular base coupled to the lower tubular support member, and a plurality of cam arms 
extending from the tubular base in an upward longitudinal direction, each cam am, 
defining an inclined surface that mates with the inclined surface of a corresponding one 
of the upper expansion cone segments, wherein the cams arms of the upper cam 
assembly are interieaved with and overlap the cam arms of the lower cam assembly a 
plurality of lower expansion cone segments interieaved with cam arms of the lower cam 
assembly, each lower expansion cone segment pivotally coupled to the lower tubular 
support member and mating with the inclined surface of a corresponding one of the 
cam amis of the upper cam assembly, wherein the lower expansion cone segments 
interieave and overiap the upper expansion cone segments, and wherein the upper 
and lower expansion cone segments together define an arcuate spherical external 
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According to another aspect of the present invention, a collapsible expansion cone is 
provided that includes an upper cam assembly comprising: a tubular base, and a 
plurality of cam arms extending from the tubular base in a downward longitudinal 
direction, each cam arm defining an inclined surface, a plurality of upper expansion 
cone segments interleaved with the cam amis of the upper cam assembly, a lower cam 
assembly comprising: a tubular base, and a plurality of cam arms extending from the 
tubular base in an upward longitudinal direction, each cam arm defining an inclined 
surface that mates with the inclined surface of a corresponding one of the upper 
expansion cone segments, wherein the cams arms of the upper cam assembly are 
interleaved with and overlap the cam arms of the lower cam assembly, a plurality of 
lower expansion cone segments interleaved with cam amis of the lower cam assembly, 
each lower expansion cone segment mating with the inclined surface of a 
corresponding one of the cam arms of the upper cam assembly, means for moving the 
upper cam assembly away from the lower expansion cone segments, and means for 
moving the lower cam assembly away from the upper expansion cone segments. 

According to another aspect of the invention, an apparatus for radially expanding and 
plastically deforming an expandable tubular member is provided that includes a tubular 
support member, a collapsible expansion cone coupled to the tubular support member, 
an expandable tubular member coupled to the collapsible expansion cone, means for 
displacing the collapsible expansion cone relative to the expandable tubular member, 
and means for collapsing the expansion cone. 

According to another aspect of the invention, a collapsible expansion cone is provided 
that includes an upper cam assembly comprising: a tubular base, and a plurality of cam 
arms extending from the tubular base in a downward longitudinal direction, each cam 
arm defining an inclined surface, a plurality of upper expansion cone segments 
interleaved with the cam amis of the upper cam assembly, a lower cam assembly 
comprising: a tubular base, and a plurality of cam arms extending from the tubular base 
in an upward longitudinal direction, each cam arm defining an inclined surface that 
mates with the inclined surface of a corresponding one of the upper expansion cone 
segments, wherein the cams arms of the upper cam assembly are interleaved with and 
overlap the cam arms of the lower cam assembly, a plurality of lower expansion cone 
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Fi9. 4a is a fragmentao. cross-sectional illustration of a portion of the apparatus of Fig 
15 ll?ir"'""'''' cross-sectiona. illustration of a portion of the apparatus of Figs. 

b/"'""'''' — -«°- "'-tration of a portion of the apparatus of Figs. 

20 Figs. 7a-7e are fragmentary cross-sectional and perspective illustrations of the upper 
cam assembly of the apparatus of Figs. 1a and 1b. 

Fig. 7f is a fragmentary cross-sectional illustration of the lower cam assembly of the 
apparatus of Figs. 1 a and 1 b ^ 



Figs, la and lb. 

25 



30 



Figs. 8a-8d are fragmentary cross-sectional and perspective illustrations of one of the 
upper cone segments of the apparatus of Figs, la and lb. 

ng^ee is a fragmentary cross-sectional illustration of one of the lower cone segments 
of the apparatus of Figs. 1 a and 1 b. segments 

Fig. 9 is a side view of a portion of the apparatus of Figs. 1a and 1 b. 
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Fig. 10a is a fragmentary cross sectional illustration of a portion of the apparatus of 
Figs, la and lb during the radial expansion of the expandable tubular member. 

5 o?Fig°ioI ' ''"""'"""^ °' °' "PP^^^*"^ 

Fig. 11a. is a fragmentary cross sectional illustration of a portion of the apparatus of 
F.gs. lOa and 10b during the adjustment of the expansion cone to a collapsed position. 

I! Fig'l la ' °^ ^PP^^^*"^ 

and' 1 r^"^"*"^ °^ ' °^ "PP"'"*"' °^ f^'^^- 

Fig. 13 Is a fragmentao. cross sectional illustration of a portion of the apparatus of Figs 
11a and 11b. ^ ' 

FIG. 14 is a fragmentao. cross sectional illustration of a portion of the apparatus of 
Figs. 1 1a and 1 lb with the expansion cone in a half collapsed position. 

FIG. 15 is a fragmentary cross sectional illustration of a portion of the apparatus of 
Figs. 1 1a and 1 lb with the expansion cone in a fully collapsed position. 

25 Fig. 1 6 is a side view of a portion of the apparatus of Figs. 1 0a 
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and 10b. 



Fig. 17a. is a fragmentary cross sectional illustration of a portion of the apparatus of 
Figs 11a and 1 lb after the removal of the apparatus from interior of the expandable 
tubular member. 

Fig^ 17b is a fragmentary cross sectional illustration of another portion of the apparatus 
OT Fig. 1 7a. 
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An end of a lower mandrel 34 defines a recess 34a that mates with, receives, and is 
coupled to the external flange 22c of the upper mandrel 22. a recess 34b that mates 
with, receives, and is coupled to the end of the upper mandrel, a passage 34c. and an 
external flange 34d including circumferentially spaced apart meshing teeth 34da on an 
end face of the external flange. Torque pins 36a and 36b further couple the recess 
34a of the end of the lower mandrel 34 to the extemal flange 22c of the upper mandrel 
22. During operation, the torque pins 36a and 36b transmit torque loads between the 
recess 34a of the end of the lower mandrel 34 and the extemal flange 22c of the upper 
mandrel 22. 



An upper cam assembly 38 includes a tubular base 38a for receiving and mating with 
the lower mandrel 34 that includes an extemal flange 38aa. a plurality of 
circumferentially spaced apart meshing teeth 38b that extend from one end of the 
tubular base In the longitudinal and radial directions for engaging the meshing teeth 
34da of the end face of the external flange 34d of the lower mandrel, and a plurality of 
circumferentially spaced apart cam amis 38c that extend from the other end of the 
tubular base in the opposite longitudinal direction and mate with and receive the lower 
mandrel. During operation, the meshing teeth 34da of the end face of the external 
flange 34d of the lower mandrel 34 transmit torque loads to the meshing teeth 38b of 
the upper cam assembly 38. Each of the cam amis 38c Include an inner portion 38ca 
extending from the tubular base 38a that has arcuate cylindrical inner and outer 
surfaces, 38caa and 38cab. a tapered intermediate portion 38cb extending from the 
inner portion that has an arcuate cylindrical inner surface 38cba and an arcuate conical 
outer surface 38cbb. and an outer portion 38cc extending from the Intermediate portion 
that has arcuate cylindrical inner and outer surfaces. 38cca and 38ccb. In an 
exemplary embodiment, the radius of curvatures of the arcuate outer cylindrical 
surfaces 38cab are greater than the radius of curvatures of the arcuate outer cylindrical 
surfaces 38ccb. In an exemplary embodiment, the radius of curvatures of the arcuate 
inner cylindrical surfaces, 38caa, 38cba. and 38cca are equal. 

A lower cam assembly 40 includes a tubular base 40a for receiving and mating with the 
lower mandrel 34 that includes an extemal flange 40aa, a plurality of circumferentially 
spaced apart meshing teeth 40b that extend from one end of the tubular base in the 
longitudinal and radial directions, and a plurality of circumferentially spaced apart cam 
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arms 40c that extend from the other end of the tubular base in the opposite longitudinal 
direction and mate with and receive the lower mandrel. Each of the cam amis 40c 
include an inner portion 40ca extending from the tubular base 40a that has arcuate 
• cylindrical inner and outer surfaces. 40caa and 40cab. a tapered intemiediate portion 
40cb extending from the inner portion 40ca that has an arcuate cylindrical inner surface 
40cba and an arcuate conical outer surface 40cbb. and an outer portion 40cc 
extending from the intemiediate portion that has arcuate cylindrical inner and outer 
surfaces. 40cca and 40ccb. In an exemplary embodiment, the radius of curvatures of 
the arcuate outer cylindrical surfaces 40cab are greater than the radius of curvatures 
the arcuate outer cylindrical surfaces 40ccb. In an exemplary embodiment, the radius 
of curvatures of the arcuate inner cylindrical surfaces, 40caa. 40cba. and 40cca are 
equal. In an exemplary embodiment, the upper and lower cam assemblies. 38 and 40 
are substantially identical. In an exemplary embodiment, the cam amis 38c of the 
upper cam assembly 38 interieave the cam arms 40c of the lower cam assembly 40. 
Furthermore, in an exemplary embodiment, the cam arms 38c of the upper cam 
assembly also overlap with the cam arms 40c of the lower cam assembly 40 in the 
longitudinal direction thereby permitting torque loads to be transmitted between the 
upper and lower cam assemblies. 

An end of an upper retaining sleeve 42 receives and is threadably coupled to the 
external flange 34d of the lower mandrel 34 that defines a passage 42a for receiving 
and mating with the outer drcumferential surfaces of the external flange 38aa and the 
meshing teeth 38b of the upper cam assembly 38, and an inner annular recess 42b 
and includes an internal flange 42c for retaining the extemal flange 38aa of the upper 
cam assembly, and an internal flange 42d at one end of the upper retaining sleeve that 
includes a rounded interior end face. An o-ring seal 44 is received within the annular 
recess 42b for sealing the interface between the upper retaining sleeve 42 and the 
external flange 34d of the lower mandrel 34. A disc shaped shim 43 is positioned 
within the upper retaining sleeve 42 between the opposing end faces of the internal 
flange 42c of the retaining sleeve and the meshing teeth 38b of the upper cam 
assembly 38. 

A plurality of upper expansion cone segments 44 are interieaved among the cam arms 
38c of the upper cam assembly 38. Each of the upper expansion cone segments 44 
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surface 44aab in . cylindrical inner 

c/IWrfcal surface IZbT °' '"^'^ 

-COS, rranrtab : rriT r " -^'^ -^"^ 

~.tersurfa^44ab.ire:^^^^^^^^ 

:ir:,:rrs ::rr::r r r 

emhodlmen, the arcuate c^rfca, outer surfar4^rt T;'^"^ 

arcuatP rv/iinwru^i • ^""cjue ^4CD IS inclined relative to the 

drcuate cylindrical inner surface 44ca. 
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segments 46 inrt„rf. i„ • =>m 40. Each of the lower expansion cone 

46aaa"^ll V '"^ "^"^ '""er surfaces 

46aaa and 46aab, and an arcuate CindHca, cuter surface 4eab, inten.ed.te poTnt 
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-xempte^ «„bodime«. ,he outer surfaces 46ab 
The arcuate inner cylindrical ^^nrf^^r^oo >ic 

~ - ..ace. sec „, .^r^irrrer" " ^^'^^^ 

p-3..^c:rcar:rj~^^^^^ 

'n an exemplary embodiment the rarii. «f 

^"-ce .aaa . ,e. .an r^Zrofr a^T 

a»face 46aab. In an exemn,»n, k ^"""^ cyllndncal inner 

cylWrtca, surface lab tan r °' ^ 

«aaa a,::!";: ZT'^T"^"' 
^drfca, ou.er surface .6a J^nZe^^L, ^jr''' ^'^'^'^ 
46aaa. ,„ an exen,p,a^ en,bc.i Jnfr atl c r T"" 
pa*, . arcua. CnCrfca, inne slrltlTjT " 
enbod,™™. fte a,cua.e c»„arfca, outer f J" " '""^'^'^ 

arcuate cylWncal inner surface 46ca. ^ the 
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In an exemplao' embodiment, the geometries of ih,. . 
segments 44 and 46 are substanLXl^ ^.T ^ °~ 
"PPer expansion cone seoments 44 7 embodiment, the 

ends o, tbe inten^drZ^n^lToT'^ ' "'^ 
lower expansion cone se^er4r , ""^ 

- ot t.e .nte,me.a:etr - 

-and4ecb,o,.u— r~nrr::r^^ 



cylmdncal surface, the arcuate spherical outer surfaces. 44bbb and 46bbb. of the upper 
and lower expansion cone segments define an contiguous arcuate spherical surface 
and the arcuate cylindrical outer surfaces. 44cb and 46bba. of the upper and lower 
expansion cone segments define a contiguous cylindrical surface. 

An end of a lower retaining sleeve 48 defines a passage 48a for recei^4^g and mating 
wth the outer circumferential surfaces of the external flange 40aa and the meshing 
teeth 40b of the lower cam assembly 40. and an inner annular recess 48b and 
mdudes an internal flange 48c for retaining the external flange of the lower cam 
assembly, and an internal flange 48d at one end of the lower retaining sleeve that 
includes a rounded interior end face for mating with the hinge grooves 46 aba of the 
lower expansion cone segments 46 thereby pivotally coupling the lower expansion 
cone segments to the lower retaining sleeve. An o-ring seal 50 is received within the 
annular recess 48b. A disc shaped shim 49 is positioned within the lower retaining 
sleeve 48 between the opposing end faces of the Internal flange 48c of the retaining 
sleeve and the external flange 40aa of the lower cam assembly 40. 

In an exempla^^ embodiment, the arcuate cylindrical outer surfaces 44bba of the upper 
expansion cone segments 44 and the arcuate cylindrical outer surfaces 46cb of the 
lower expansion cone segments 46 are aligned with the outer surface of the upper 
retaining sleeve 42. In an exemplary embodiment, the arcuate cylindrical outer 
surfaces 44cb of the upper expansion cone segments 44 and the arcuate cylindrical 
outer surfaces 46 bba of the lower expansion cone segments are aligned with the outer 
surface of the lower retaining sleeve 48. 

An end of a float shoe adaptor 50 that includes a plurality of circumferentially spaced 
apart meshing teeth 50a for engaging the meshing teeth 40b of the lower cam 
assembly 40 is received within and threadably coupled to an end of the lower retaining 
Sleeve 48 that defines a passage 50b at one end for receiving an end of the lower 
mandrel 34. a passage 50c having a reduced inside diameter at another end. a plurality 
of radial passages 50d at the other end. and includes an Internal flange 50e and a 
torsional coupling 50f at the other end that includes a plurality of torsional coupling 
members 50fa. During operation, the meshing teeth 40b of the lower cam assembly 40 
transmit toque loads to and from the meshing teeth 50a of the float shoe adaptor 
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=^oe adaptor 5oTar* r * ''^ "^^^^ " <^ 

<he Stop „„, 54 to a,e reding slaev! Til . ""^'^ 
^x- Of »,e retaining ^10^52 2 ' ""^"^ 

tubular basa 4^71' ' '^^ « ^ o, me 

expandable tubular member en th., . . °' 
^fety collar 14 1 """""^ ^i^ber 12, the 

^z:.cz'zzz : " ^^^^^ - - '-^ 

-er expanse ^ ^Z:iZZZZ:Z 7'^"T " 
receives an end of thP fin^t adaptor 50. is coupled to and 

a^ato spberlrrer ZT^'^^r ^ 
expansion cone segments. 44 and 46. ' 
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During operation, as illustrated in Fios 1a anrt ih 

Pcslt^ed a p.e^„„, stlrl M as ^T^r ' ° 

-ve^sasu«erra„ean,o™alntba.m:;::r pe::t 

- boreb^e ,00 ^ . ,„ ....ZTZTZ^Z 
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hon^cnw. A nuidic material 104 Is »,en Iniectsd Into the apparatus 10 mrough .he 
passages 12a. ,4a, 22a, 34c. 50c, 64a, and 64b i„,„ ^ J„ ,^ 

U,bular .ember 66 and ,he b«eho,e 100. I„ an exemplary embodiment, 
the u^,c matenal 104 is a hardenable „«c sealing matenal. U, m ma™«r ^ 
annular seeing layer may be fomied wiWn me annulus behveen the expandable 
tubular member 66 and the borehole 100. 

AS illustrated in Figs. 10a and 10b, a bail 106 is then be positioned ^.hin and blocking 
me valveable passage 64b of me float shoe 64 by injecUng a «* matehal 108 into 
10 me apparatus 10 m„o^h me passages 12a, 14a. 22a, 34c, and 50c. As a resd* me 
incased operating pressure wimin the passage SOc bursts open me burst disc^ 62 
^.oned wimin the radia, passages 50d o, the float shoe adaptor 50. The conflnued 
nie^on o, me fluidic materia, 108 mereby pressuhzes me Intenor o, me expandaWe 

2 '^^y "facing me upper and 

tower expansion cone segments. 44 and 46, upwartl^ relath« to me float shoe 64 and 
fl^e expandable tubular member 66. As a result, the expandable tubular member 66 is 
^^«y defo^ed and radial^ expanded. Thus, me bu.. discs 62 sense me 
operatrng pressure of me Injected fluidic matariai 108 rtthin the passage SOc and 
toeby control the i™,iaton of the radtel expansion and plasfc defomiaflon of the 
20 expandable tubular member 66. 
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n an exemp^ry embodiment, any teakage of the pressurized fluidic materia, 108 past 
.he lower packer cup 28 is captured and sealed agains. further leakage by me upper 
pa<*er cup 24. In mis manner, me lower packer cup 28 provides me primary fluidic 
sea agarnst the Interior surface o. me expandable Urbular member 66, and the upper 
^cker cup 24 provMes a seconder, back-up, fluklic seal against me interior sufa« of 
expandabte tubular member. Furthem^re, because the lower packer cup 28 
a^d/or the upper packer cup 24 provide a fluk, tigh, sea, against me Interior surface of 
^ expandable ,uU.ar member 66, the upper and lower expanek. cone segmente, 44 
and 46, are pulled upwardly mrough me expandabte tubular member by me axtal 
forces created by the packer cups. 

in an exemplar embodiment, during the rad«. expanston proce^, me Werface 
behveen .he arcuale spherfca, external surfaces, 44bbb and 46bbb, of me upper and 
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tower expa„.„„ cone se^enla, 44 and 46, »d ,he interior of expandable 
U.War mecnber 66 i. no, fluid llgf,,. M a «s„l,. »« „uidic „«,a„-,| 108 ma, pro.de 
M,noa„o„ ,0 .he an.™ extent c, the Interface be^n t^ cylWncal externa, surfaces 
44bba and 46cb, and the arcuate spherical external surfaces. 44bbb and 46bbb of the 

'ZJZ 'TTT"'"" ^ ^ 0' 

expa«,able tubular ntember 66, Moreover, experimental test results have indicated 

*e unexpected result that the required operaBng pressura of the fluWc materia ,06 for 

rr T °' '"'"'^^ * interfa^ 

be^en ^ ci.,ndrlca, externa, surfaces, 44bba and 46cb, and the arcuate sphedcal 
externa, ^ ^ ^ ^ ^ ^ ^^^^^ 

« and « and the interior surface of the expandabte tubular member 66 is no. fluid 
m. Furthemtore, experimental test results have also demonstrated that the an=uate 

r L "' -"aces. 44bbb 

and 46bbb, Of the upper and lower expansion cone segments, 44 and 46, prowdes 
adial expansion and plastic defom^aUon of the expandable tubular member 66 using 
lower operating pressures versus an expansion cone having a conical outer surtace. 

in an exemplary embodiment, as illustrated In Figs. 11a. lib. 12. 13. 14. 15. and 16 
^ upper and lower expansion cone segments. 44 and 46. may men be adjusted to a 
collapsed position by placing a ball 110 within the ball valve seat 52c of the throat 
passage 62b of retelning sleeve 52. The continued Iniection of the fluldio material 
108. at^er the placement of the ball 110 withh the ball valve seat 52c. a-eates a 
dflerental pressure across the ball 1 ,0 ftereby app^lng a downward longitudinal force 
2 <^ -te,n,ng steeve 52 thereby shea.r« .he shear pins 56. As a result, the 
2'7 T ' "^'^ '~ '^"^ -'atlve te *e 

in the rad«l Brecon. The outward radial disptecement of the locking dogs 58 
d|sengages the locking dogs from engagement with the lower mandrel 34. Thus the 
Shear p,ns 56 sense me operating pressure of the Injected fluidk: ma.erlal 108 within 
.he mroa. passage 52b and Ihereby oonWIng .he lni«atk>n of the collapsing of the 
upper and lower expansion cone segments. 44 and 46. 

s'einrrjT"" °' •^'^'^ ^"^^ '° 

Sleeve 52 ,n the downward k»,gltudlnal direction relative to the float shoe adaptor 50 
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un«l me exlemal flange 52<1 of ,he reamng sleeve 52 ™pacte, a™, applies a 

5 the float sh<„ , tr '""SlMnal displacement of 

48. wh,* are ngidly attacf,ed to the float shoe adaptor, to abo be dLaoed 

assembly 38, and the upper expansion cone segments 44. 

s .de Off of the oon,cal external surfaoes 40cbb of the lower cam assembly 1 
Sleeve 42. The downward longitudral displacement of the lower expansion c„n» 

zz : r r f^^^^ ^^^^-^^ ^ - - 

sesments 46 to slide olf of the external conical surfaces 33obb of the upper cam 
^ssembiy and mereby pivot hardly . .he rad^l d„««on about «,e interna, ZeZ 

surfaces, 44bbb and 46bbb, of the upper and lower expansion cone segments 44 J 
48, no longer provide a subsUnWy »ntlguous outerarcuate sphahca, surfa^. 

The do«™.nd longitud*,^ movement of me retaWng sleeve 42 and float shoe adaptor 

dogs 58. At m,s pent, as illustrated In Figs. 17a and 17b, the apparatus 10 mav then 
be removed from the interior of me expandable tubular member 66 

30 IT 'T*^ '"n-yl* -noved from me expandable tubular member 66 pnor 
30 to m complete radial expansion and plas«c de^tion of the expandableTuZ 
mern^r by c»n,rollably c^lapsing me upper and W expanse co e segme H 
and 46. As a resuK, the apparatus ,0 provides me following beneflts: ,l, me apoa^.^ 
~ab. When expansion pro«ems are encountered: <2, lower xp^Z 
are required because me po*„ o, me expa«,abte tubular member 6 bet«IZ 
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packer cups, 24 and 28, and the expansion cone segments is exposed to the 
expansion fluid pressure; and (3) the expansion cone segments can be run down 
through the expandable tubular member, prior to radial expansion, and then the 
expansion cone segments can be expanded. 

In several alternative embodiments, resilient members such as, for example, spring 
elements are coupled to the upper and lower expansion cone segments. 44 and 46, for 
resiliently biasing the expansion cone segments towards the expanded or collapsed 
position. 



In several alternative embodiments, the placement of the upper and lower expansion 
cone segments, 44 and 46. in an expanded or collapsed position is reversible as 
disclosed in PCT patent application serial no. PCT / / attorney docket no. 

25791.88.02, filed on . the disclosure of which is incorporated herein by 

15 reference. 

In several alternative embodiments, a small gap is provided between the upper and 
lower expansion cone segments, 44 and 46, when posltiorted in the expanded 
condition that varies from about .005 to .030 inches. 

20 

An apparatus for radially expanding and plastically deforming an expandable tubular 
member has been described that includes an upper tubular support member defining a 
first passage, one or more cup seals coupled to the exterior surface of the upper 
tubular support member for sealing an interface between the upper tubular support 

25 member and the expandable tubular member, an upper cam assembly coupled to the 
upper tubular support member comprising: a tubular base coupled to the upper tubular 
support member, and a plurality of cam arms extending from the tubular base in a 
downward longitudinal direction, each cam arm defining an Inclined surface, a plurality 
of upper expansion cone segments interieaved with the cam arms of the upper cam 

30 assembly and pivotally coupled to the tubular support member, a lower tubular support 
member defining a second passage fluidicly coupled to the first passage releasably 
coupled to the upper tubular support member, a lower cam assembly coupled to the 
lower tubular support member comprising: a tubular base coupled to the lower tubular 
support member, and a plurality of cam amis extending from the tubular base in an 

20 



upward longitudinal direction, each cam arm defining an inclined surface that mates 
with the inclined surface of a con-esponding one of the upper expansion cone 
segments, wherein the cams arms of the upper cam assembly are interleaved with and 
overlap the cam arms of the lower cam assembly, and a plurality of lower expansion 
cone segments interleaved with cam arms of the lower cam assembly, each lower 
expansion cone segment pivotally coupled to the lower tubular support member and 
mating with the inclined surface of a coaesponding one of the cam arms of the upper 
cam assembly, wherein the lower expansion cone segments interleave and overlap the 
upper expansion cone segments, and wherein the upper and lower expansion cone 
segments together define an arcuate spherical external surface for plastically 
deforming and radially expanding the expandable tubular member. In an exemplary 
embodiment, the upper tubular support member includes: a safety collar, a torque plate 
coupled to the safety collar including a plurality of circumferentially spaced apart 
meshing teeth at an end. an upper mandrel including a plurality of circumferentially 
spaced apart meshing teeth at one end for engaging the meshing teeth of the torque 
plate and an external flange at another end. and a lower mandrel coupled to the 
extemal flange of the upper mandrel Including an extemal flange including a plurality of 
circumferentially spaced apart meshing teeth. In an exemplary embodiment, the 
tubular base of the upper cam assembly includes a plurality of circumferentially spaced 
apart meshing teeth for engaging the meshing teeth of the extemal flange of the lower 
mandrel. In an exemplary embodiment, the apparatus further includes a stop nut 
coupled to an end of the lower mandrel for limiting the movement of the lower tubular 
member relative to the lower mandrel. In an exemplary embodiment, the apparatus 
further includes locking dogs coupled to the lower mandrel. In an exemplary 
embodiment, the lower tubular support member includes: a float shoe adapter including 
a plurality of drcumferentially spaced apart meshing teeth at one end. an internal 
flange, and a torsional coupling at another end. a lower retaining sleeve coupled to an 
end of the float shoe adapter including an internal flange for pivotally engaging the 
lower expansion cone segments, and a retaining sleeve received within the float shoe 
adapter releasably coupled to the upper tubular support member. In an exemplary 
embodiment, an end of the retaining sleeve abuts an end of the tubular base of the 
lower cam assembly. In an exemplary embodiment, the tubular base of the lower cam 
assembly includes a plurality of circumferentially spaced apart meshing teeth for 
engaging the meshing teeth of the float shoe adaptor. In an exemplary embodiment. 
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LlelT '° ^"^ ~n cone 

^gmente. ,„ an exemplary embodimen,. ,he appa,a.us further Indudes: one or 

LTer'i '"""^^ - 

ZT T " "'"^'^ ''''°*™"'' a stop 

upZtiT '°r '""^ "-"^ ~ ' ^ 

upper Uibular support ,^„*„ ,eMve to the lower tubular support meml>e, l„ an 
exemp.^ enthodl^ent. the appa^us ,„rt..r .eludes: a taa. shc^ reZhtooX 
to the lower tubular support member that defines a valveable passaoe Z 
expandable tubular member coupled to the (loet sh„» = h 

couotert i« ih. ^"^ supported by and movably 

coupled to the upper and lower expansion cone segments. In an exempt 

an aj^te cy^ndnca, upper surface including a hinge groove for pivotally coupling fte 
^^r expans,on cone segment to .he upper tubutar support membe and arlto 

spherK^a, upper surfeoes and an equate conical lower surface, and an outer portton 
Z :i:™nt '^"^ ^ 

expans™ cone segment includes: an inner portion defining an arcuate cyiindrfcal 

sZChir*! : - ~ 

=e8n»nt to .he lower u*uiar support member and arcuate cylindrical lower surfaces 

~' - 

an arcuate con,cal lower surface, and an outer portion defining arcuate cyllndrica. 

se^nt » tapered ,n the tengitudinal direction from the intermediate portion to me 
outer portion; and wherein each tower expansion cone segment is tape J ! 1 
longitudinal direction from the ln.em«diate porfion to the outer portion 

to t^l ---bed that includes a salety collar, a toroue plate coupled 

^ Z TsTT ' ' """'"^ °' c.cum,e.„tlally spaced apart meshing teem 

melolr 7^^' ™ ' ^'^'-^ ^cumterenfially spa J apart 

m shing teeth a, one end for engaging ihe meshing teelh of «,e .o,x,ue plate and an 
ex.emal fiange at another end, a tower mandrel coupled to the exlernai Z 
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upper ™«lrel including an exiemai (lange inciuding a pluraiity of drcumfarentially 
spaced apart meshing leelh. a stop nut coupled to an end of the lower mandrel an 
upper retaining sleeve coupled to tt,e lower mandrel including an internal nange, one or 
more cup seals coupled to the upper mandrel for sealing an Interface between the 
upper mandrel and the expandable tubular member, an upper cam assembly coupled 
to the lower mandrel including: a tubular base indudlng a plurality of drcumferenHally 
spaced apart meshing teeth for engaging the meshing teem of the external flange of 
«>e lower mandrel, and a plurality of cam am« extending from the tubular base in a 
downward longitudinal direc«on. each cam am, defining an Mned surtace, a plurality 
of upper expansion cone segments inledeaved with the cam amis of the upper cam 
assembly a™i pivotally coupled to the Internal flange of the upper retaining sleeve, a 
float Shoe adapter including a plurality of drcumferentially spaced apart meshing teeth 
at one erKl. an internal flange, and a torsional coupling at another end, a lower 
re^«ng sleeve coupled to an end of the float shoe adapter Indudlng an Interna, 
nange. a reta,n,ng sleeve received within the float shoe adapter, one or mo™ shear 
p.ns or releasably coupBng the staining sleeve ,o the stop nut. a lower cam assembly 
coupled to the float shoe adapter indudlng: a tubular base i™auding a plurality of 
crcumferenttelly spaced apart meshing teeth for engaging the meshing teeth of the 
float Shoe adapter, and a plurality of cam amns extending fram the tubular base in an 
upward longitudinal direction, ead, cam am, defining an indined surface that mates 
w,m me ,«.,ned surface of a cortesponding one of the upper expansion cone 
segman s, wherein the cams am,s of the upper cam assembly are Interleaved with and 
overlap the cam am,s of the lower cam assembly, a plut^llty of lower expansion cone 
segment Interfeaved «th cam am« of the lower cam assembly, ead, lower expansion 
cone segment pivotally coupled to the Internal flange of the lower retaln^g sleeve and 
mat,ng w,th the indined surface of a .^ponding one of the cam am,s of the upper 
«m assemb^. a noa, shoe releasably coupled to the torsional coupling „, the float 
Shoe adaptor, and an expandable tubuter member coupled to the float shoe and 
supported by and movably coupled to the upper and lower expanse cone segments, 
where,n the lower expansion cone segments interfeave and overlap the upper 
«^nsK,n cone segments, wherein the upper and lower expanse cone segments 
<^et er define an arcuate sphedcal external surface for plastically defom,lng and 
rad,a,ly expanding the expandable tubular member, wherein each upper expansion 
cone segment indudes: an inner portion deflning an a^ate c^indrlcal upper surface 
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including a hinge groove for pivotally coupling the upper expansion cone segment to 
the upper tubular support member and arcuate cylindrical lower surfaces, an 
intermediate portion defining arcuate cylindrical and spherical upper surfaces and an 
arcuate conical lower surface, and an outer portion defining arcuate cylindrical upper 
and lower surfaces, wherein each lower expansion cone segment includes: an inner 
portion defining an arcuate cylindrical upper surface including a hinge groove for 
pivotally coupling the lower expansion cone segment to the lower tubular support 
member and arcuate cylindrical lower surfaces, an intermediate portion defining 
arcuate cylindrical and spherical upper surfaces and an arcuate conical lower surface, 
and an outer portion defining arcuate cylindrical upper and lower surfaces, wherein 
each upper expansion cone segment is tapered in the longitudinal direction from the 
intermediate portion to the outer portion, and wherein each lower expansion cone 
segment is tapered in the longitudinal direction from the intemiediate portion to the 
outer portion. 

A collapsible expansion cone assembly has also been described that includes an upper 
tubular support member Including an intemal flange, an upper cam assembly coupled 
to the upper tubular support member including: a tubular base coupled to the upper 
support member, and a plurality of cam arms extending from the tubular base in a 
downward longitudinal direction, each cam ami defining an inclined surface, a plurality 
of upper expansion cone segments interieaved with the cam arms of the upper cam 
assembly and pivotally coupled to the intemal flange of the upper tubular support 
member, a lower tubular support member including an intemal flange, one or more 
frangible couplings for releasably coupling the upper and lower tubular support 
members, a lower cam assembly coupled to the lower tubular support member 
including: a tubular base coupled to the lower tubular support member, and a plurality 
of cam amis extending from the tubular base in an upward longitudinal direction, each 
cam arm defining an inclined surface that mates with the inclined surface of a 
corresponding one of the upper expansion cone segments, wherein the cams arms of 
the upper cam assembly are interleaved with and overiap the cam arms of the lower 
cam assembly, and a plurality of lower expansion cone segments interieaved with cam 
amns of the lower cam assembly, each lower expansion cone segment pivotally 
coupled to the internal flange of the lower tubular support member and mating with the 
inclined surface of a coaesponding one of the cam arms of the upper cam assembly. 
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wherein the lower expansion cone segments interleave and overlap the upper 
expansion cone segments, and wherein the upper and lower expansion cone segments 
together define an arcuate spherical external surface for plastically deforming and 
radially expanding the expandable tubular member. In an exemplary embodiment, 
each upper expansion cone segment includes: an inner portion defining an arcuate 
cylindrical upper surface including a hinge groove for pivotally coupling the upper 
expansion cone segment to the upper tubular support member and arcuate cylindrical 
lower surfaces, an intermediate portion defining arcuate cylindrical and spherical upper 
surfaces and an arcuate conical lower surface, and an outer portion defining arcuate 
cylindrical upper and lower surfaces, and wherein each lower expansion cone segment 
includes: an inner portion defining an arcuate cylindrical upper surface including a 
hinge groove for pivotally coupling the lower expansion cone segment to the lower 
tubular support member and arcuate cylindrical lower surfaces, an Intemiediate portion 
defining arcuate cylindrical and spherical upper surfaces and an arcuate conical lower 
surface, and an outer portion defining arcuate cylindrical upper and lower surfaces. In 
an exemplary embodiment, each upper expansion cone segment is tapered in the 
longitudinal direction from the intemiediate portion to the outer portion, and wherein 
each lower expansion cone segment is tapered in the longitudinal direction from the 
intermediate portion to the outer portion. 

A collapsible expansion cone assembly has also been described that includes an upper 
tubular support member including an internal flange, an upper cam assembly coupled 
to the upper tubular support member including: a tubular base coupled to the upper 
support member, and a plurality of cam amis extending from the tubular base in a 
downward longitudinal direction, each cam ami defining an inclined surface, a plurality 
of upper expansion cone segments interleaved with the cam amis of the upper cam 
assembly and pivotally coupled to the intemal flange of the upper tubular support 
member, a lower tubular support member including an intemal flange, one or more 
frangible couplings for releasably coupling the upper and lower tubular support 
members, a lower cam assembly coupled to the lower tubular support member 
including: a tubular base coupled to the lower tubular support member, and a plurality 
of cam amis extending from the tubular base in an upward longitudinal direction, each 
cam arm defining an inclined surface that mates with the inclined surface of a 
corresponding one of the upper expansion cone segments, wherein the cams amis of 
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the upper cam assembly are interleaved with and overlap the cam arms of the lower 
cam assembly, and a plurality of lower expansion cone segments interleaved with cam 
arms of the lower cam assembly, each lower expansion cone segment pivotally 
coupled to the internal flange of the lower tubular support member and mating with the 

whtr- °' ' °^ ^"^ "PP- cam assembly. 

Wherein the lower expansion cone segments interleave and overlap the upper 

ZTl r "^P" -P^"-" segments 

oge t er define an arcuate spherical external surface for plastically deforming and 

-d.aily expanding the expandable tubular member, wherein each upper expansion 
cone segment includes: an inner portion defining an arcuate cylindrical upper surface 
ncluding a h.nge groove for pivotally coupling the upper expansion cone segment to 
the upper tubular support member and arcuate cylindrical lower surfaces an 
.ntermadiate person defining arcuate cylindrical and spherical upper surfaces and an 
arcuate conical lower surface, and an outer portion defining arcuate cylindrical upper 
and lower surfaces, wherein each lower expansion cone segment Includes: an inner 
portion defin.ng an arcuate cylindrical upper surface including a hinge groove for 
P-votally coupling the lower expansion cone segment to the lower tubular support 
member and arcuate cylindrical lower surfaces, an intermediate portion defining 
arcuate cyLndncal and spherical upper surfaces and an arcuate conical lower surface 
and an outer portion defining arcuate cylindrical upper and lower surfaces, wherein 
each upper expansion cone segment Is tapered in the longitudinal direction from the 
.ntermed.ate portion to the outer por^on. and wherein each lower expansion cone 
segment ,s tapered in the longitudinal direction from the intermediate portion to the 
outer portion. 

M apparatus (or radially expanding and plastlcany dafomWng an expandable lubular 
member has also been described thai includes a ubular support n«n*er. a collapsible 
expansK-n cone coupled to the u-bular support member, an expandabte tabular 
™mber coupled to me cdlapsible expansion cone, means for displacino me 
c^lapsibte expansion cone reb«.e to me expandable tabuter member, and means for 
cotepsing me expansion cone. ,n an exemplary embodiment, me tubular support 
member includes an upper tubular support member including an interna, ffange and a 
lo»er tubular support member Including an internal range, wherein me expansion cone 
includes: an upper cam assembly coupled to me upper lubular support member 
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Wuding: a w„,ar base coupled ,o .he upper support member, and a pluraS^ of cam 

z:t^ ' di Jon eti ^: 

5 internal flanoTor "^"'^ <° 

eternal flange Of 0,e upper tubular support men«», a lower cam assembly c^^^^^^ 

slTr:'' = -"^^ -^'^ - 

support member, and a plurality of cam amis extending from the tubular base In an 
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with the inclined surface of a corresponding one of the cam arms of the upper cam 
assembly, means for moving the upper cam assembly away from the lower expansion 
cone segments, and means for moving the lower cam assembly away from the upper 
expansion cone segments. In an exemplary embodiment, the upper and lower 
expansion cone segments together define an arcuate spherical external surface. In an 
exemplary embodiment, each upper expansion cone segment includes: an Inner 
portion defining an arcuate upper surface and arcuate cylindrical lower surfaces, an 
intemiediate portion defining arcuate cylindrical and spherical upper surfaces and an 
arcuate conical lower surface, and an outer portion defining arcuate cylindrical upper 
and lower surfaces, and wherein each lower expansion cone segment includes: an 
inner portion defining an arcuate cylindrical upper surface and arcuate cylindrical lower 
surfaces, an intermediate portion defining arcuate cylindrical and spherical upper 
surfaces and an arcuate conical lower surface, and an outer portion defining arcuate 
cylindrical upper and lower surfaces. In an exemplary embodiment, each upper 
expansion cone segment is tapered in the longitudinal direction from the intermediate 
portion to the outer portion, and each lower expansion cone segment is tapered in the 
longitudinal direction from the intemnediate portion to the outer portion. 

A method of radially expanding and plastically deforming an expandable tubular 
member has also been described that includes supporting the expandable tubular 
member using a tubular support member and a collapsible expansion cone, injecting a 
fluidic material into the tubular support member, sensing the operating pressure of the 
injected fluidic material within a first interior portion of the tubular support member, 
displadng the collapsible expansion cone relative to the expandable tubular member 
when the sensed operating pressure of the injected fluidic material exceeds a 
predetermined level within the first interior portion of the tubular support member, 
sensing the operating pressure of the injected fluidic material within a second interior 
portion of the tubular support member, and collapsing the collapsible expansion cone 
when the sensed operating pressure of the injected fluidic material exceeds a 
predetermined level within the second interior portion of the tubular support member. 
In an exemplary embodiment, the method further includes: pulling the collapsible 
expansion cone through the expandable tubular member when the sensed operating 
pressure of the injected fluidic material exceeds a predetennined level within the first 
interior portion of the tubular support member. In an exemplary embodiment, pulling 
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disclosure. In some instances, some features of the present invention may be 
employed without a corresponding use of the other features. Accordingly it is 
appropriate that the appended daims be construed broadly and in a manner consistent 
with the scope of the invention. 
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Claims 



1. An apparatus for radially expanding and plastically deforming an expandable 
tubular member, comprising: 

an upper tubular support member defining a first passage; 

one or more cup seals coupled to the exterior surface of the upper tubular 
support member for sealing an interface between the upper tubular support member 
and the expandable tubular member; and 

an adjustable expansion device coupled to the upper tubular support member 
adapted to be controliably adjusted between a smaller outside diameter and a larger 
outside diameter. 

2. The apparatus of claim 1 , wherein the adjustable expansion device comprises: 
an upper cam assembly coupled to the upper tubular support member 

comprising: 

a tubular base coupled to the upper tubular support member, and 

a plurality of cam arms extending from the tubular base in a downward 

longitudinal direction, each cam ann defining an inclined surface; 

a plurality of upper expansion cone segments interleaved with the cam arms of 

the upper cam assembly and pivotally coupled to the upper tubular support member; 
a lower tubular support member defining a second passage fiuidicly coupled to 

the first passage releasably coupled to the upper tubular support member; 

a lower cam assembly coupled to the lower tubular support member comprising: 

a tubular base coupled to the lower tubular support memben and 

a plurality of cam arms extending from the tubular base in an upward longitudinal 

direction, each cam arm defining an inclined surface that mates with the inclined 

surface of a corresponding one of the upper expansion cone segments; 

wherein the cams amns of the upper cam assembly are interleaved with and 

overiap the cam arms of the lower cam assembly; and 

a plurality of lower expansion cone segments interleaved with cam arms of the 

lower cam assembly, each lower expansion cone segment pivotally coupled to the 

lower tubular support member and mating with the Inclined surface of a corresponding 

one of the cam arms of the upper cam assembly. 
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3. The apparatus of claim 2. wherein the lower expansion cone segments interleave 
and overlap the upper expansion cone segments; and wherein the upper and lower 
expansion cone segments together define an arcuate spherical external surface for 
plastically deforming and radially expanding the expandable tubular member 
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1. An apparatus for radially expanding and plastically deforming an expandable 
tubular member, comprising: 

5 an upper tubular support member defining a first passage; 

one or more cup seals coupled to the exterior surface of the upper tubular 
support member for sealing an interface between the upper tubular support member 
and the expandable tubular member; 

an upper cam assembly coupled to the upper tubular support member 
10 comprising: 

a tubular base coupled to the upper tubular support member; and 
a plurality of cam anns extending from the tubular base in a downward 
longitudinal direction, each cam arm defining an inclined surface; 

a plurality of upper expansion cone segments interleaved with the cam arms of 
15 the upper cam assembly and pivotally coupled to the tubular support member; 

a lower tubular support member defining a second passage fluidicly coupled to 
the first passage releasably coupled to the upper tubular support member, 

a lower cam assembly coupled to the lower tubular support member comprising: 
a tubular base coupled to the lower tubular support member; and 
20 a plurality of cam arms extending from the tubular base in an upward longitudinal 

direction, each cam arm defining an inclined surface that mates with the inclined 
surface of a corresponding one of the upper expansion cone segments; 

wherein the cams arms of the upper cam assembly are interleaved with and 
overlap the cam anms of the lower cam assembly; and 
25 a plurality of lower expansion cone segments interleaved with cam arms of the 

lower cam assembly, each lower expansion cone segment pivotally coupled to the 
lower tubular support member and mating with the inclined surface of a corresponding 
one of the cam arms of the upper cam assembly; 

wherein the lower expansion cone segments interleave and overlap the upper 
30 expansion cone segments; and 

wherein the upper and lower expansion cone segments together define an 
arcuate spherical external surface for plastically deforming and radially expanding the 
expandable tubular member 

2. The apparatus of claim 1 . wherein the upper tubular support member comprises: 
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a safety collar; 

a torque plate coupled to the safety collar comprising a plurality of 
circumferentially spaced apart meshing teeth at an end; 

an upper mandrel comprising a plurality of drcumferentially spaced apart 
meshing teeth at one end for engaging the meshing teeth of the torque plate and an 
external flange at another end; and 

a lower mandrel coupled to the external flange of the upper mandrel comprising 
an external flange comprising a plurality of circumferentially spaced apart meshing 
teeth. 



3. The apparatus of claim 2. wherein the tubular base of the upper cam assembly 
comprises a plurality of circumferentially spaced apart meshing teeth for engaging the 
meshing teeth of the external flange of the lower mandrel. 

4. The apparatus of claim 2, further comprising: 

a stop nut coupled to an end of the lower mandrel for limiting the movement of 
the lower tubular member relative to the lower mandrel. 



5. The apparatus of claim 2, further comprising: 
locking dogs coupled to the lower mandrel. 



6. The apparatus of claim 1 , wherein the lower tubular support member comprises: 
a float shoe adapter comprising a plurality of circumferentially spaced apart 

meshing teeth at one end. an internal flange, and a torsional coupling at another end; 

a lower retaining sleeve coupled to an end of the float shoe adapter comprising 
an internal flange for pivotaliy engaging the lower expansion cone segments; and 

a retaining sleeve received within the float shoe adapter releasably coupled to 
the upper tubular support member. 

7. The apparatus of claim 6, wherein an end of the retaining sleeve abuts an end of 
the tubular base of the lower cam assembly. 
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8. The apparatus of claim 6. wherein the tubular base of the lower cam assembly 
comprises a plurality of circumferentially spaced apart meshing teeth for engaging the 
meshing teeth of the float shoe adaptor. 

9. The apparatus of claim 6, further comprising: 

a float shoe releasably coupled to the torsional coupling of the float shoe adapton 

and 

an expandable tubular member coupled to the float shoe and supported by and 
movably coupled to the upper and lower expansion cone segments. 

1 0. The apparatus of claim 1 , further comprising: 

one or more shear pins coupled between the upper tubular support member and 
the lower tubular support member. 



1 1 . The apparatus of claim 1 , further comprising: 

a stop member coupled to the upper tubular support member for limiting 
movement of the upper tubular support member relative to the lower tubular support 
member. 



1 2. The apparatus of claim 1 , further comprising: 

a float shoe releasably coupled to the lower tubular support member that defines 
a valveable passage; and 

an expandable tubular member coupled to the float shoe and supported by and 
movably coupled to the upper and lower expansion cone segments. 

13. The apparatus of claim 1, wrfierein each upper expansion cone segment 

comprises: 

an inner portion defining an arcuate cylindrical upper surface including a hinge 
groove for pivotally coupling the upper expansion cone segment to the upper tubular 
support member and arcuate cylindrical lower surfaces; 

an intermediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaces; and 

wherein each lower expansion cone segment comprises: 
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an inner portion defining an arcuate cylindrical upper surface including a hinge 
groove for pivotally coupling the lower expansion cone segment to the lower tubular 
support member and arcuate cylindrical lower surfaces; 

an intermediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaces. 

14. The apparatus of claim 13, wherein each upper expansion cone segment is 
tapered in the longitudinal direction from the intermediate portion to the outer portion; 
and wherein each lower expansion cone segment is tapered in the longitudinal 
direction from the intemiediate portion to the outer portion. 

15. An apparatus for radially expanding and plastically deforming an expandable 
tubular member, comprising: 

a safety collar; 

a torque plate coupled to the safety collar comprising a plurality of 
circumferentially spaced apart meshing teeth at an end; 

an upper mandrel comprising a plurality of circumferentially spaced apart 
meshing teeth at one end for engaging the meshing teeth of the torque plate and an 
external flange at another end; 

a lower mandrel coupled to the external flange of the upper mandrel comprising 
an external flange comprising a plurality of circumferentially spaced apart meshing 
teeth; 

a stop nut coupled to an end of the lower mandrel; 

an upper retaining sleeve coupled to the lower mandrel comprising an internal 
flange; 

one or more cup seals coupled to the upper mandrel for sealing an interface 
between the upper mandrel and the expandable tubular member, 

an upper cam assembly coupled to the lower mandrel comprising: 

a tubular base comprising a plurality of circumferentially spaced apart meshing 
teeth for engaging the meshing teeth of the extemal flange of the lower mandrel; and 

a plurality of cam amis extending from the tubular base in a downward 
longitudinal direction, each cam arm defining an inclined surface; 
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a plurality of upper expansion cone segments interleaved with the cam arms of 
the upper cam assembly and pivotally coupled to the internal flange of the upper 
retaining sleeve; 

a float shoe adapter comprising a plurality of drcumferentially spaced apart 
meshing teeth at one end. an internal flange, and a torsional coupling at another end; 

a lower retaining sleeve coupled to an end of the float shoe adapter comprising 
an internal flange; 

a retaining sleeve received within the float shoe adapten 

one or more shear pins for releasably coupling the retaining sleeve to the stop 

nut; 

a lower cam assembly coupled to the float shoe adapter comprising: 

a tubular base comprising a plurality of drcumferentially spaced apart m.eshing 
teeth for engaging the meshing teeth of the float shoe adapter; and 

a plurality of cam arms extending from the tubular base in an upward longitudinal 
direction, each cam arm defining an indined surface that mates with the indined 
surface of a corresponding one of the upper expansion cone segments; 

wherein the cams amis of the upper cam assembly are interleaved with and 
overlap the cam amis of the lower cam assembly; 

a plurality of lower expansion cone segments interleaved with cam amis of the 
lower cam assembly, each lower expansion cone segment pivotally coupled to the 
intemal flange of the lower retaining sleeve and mating with the indined surface of a 
corresponding one of the cam arms of the upper cam assembly; 

a float shoe releasably coupled to the torsional coupling of the float shoe adapton 

and 

an expandable tubular member coupled to the float shoe and supported by and 
movably coupled to the upper and lower expansion cone segments; 

wherein the lower expansion cone segments interleave and overlap the upper 
expansion cone segments; 

wherein the upper and lower expansion cone segments together define an 
arcuate spherical external surface for plastically defomiing and radially expanding the 
expandable tubular member; 

wherein each upper expansion cone segment comprises: 
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an inner portion defining an arcuate cylindrical upper surface including a hinge 
groove for pivotally coupling the upper expansion cone segment to the upper tubular 
support member and arcuate cylindrical lower surfaces; 

an intermediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaces; 
wherein each lower expansion cone segment comprises: 
an inner portion defining an arcuate cylindrical upper surface including a hinge 
groove for pivotally coupling the lower expansion cone segment to the lower tubular 
support member and arcuate cylindrical lower surfaces; . 

an intermediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaces; 
wherein each upper expansion cone segment is tapered in the longitudinal 
direction from the intermediate portion to the outer portion; and 

wherein each lower expansion cone segment is tapered in the longitudinal 
direction from the intermediate portion to the outer portion. 

16. A collapsible expansion cone assembly comprising: 
20 an upper tubular support member comprising an intemal flange; 

an upper cam assembly coupled to the upper tubular support member 
comprising: 

a tubular base coupled to the upper support member; and 

a plurality of cam arms extending from the tubular base in a downward 
25 longitudinal direction, each cam arm defining an inclined surface; 

a plurality of upper expansion cone segments interieaved with the cam arms of 
the upper cam assembly and pivotally coupled to the internal flange of the upper 
tubular support member; 

a lower tubular support member comprising an internal flange; 
30 one or more frangible couplings for releasably coupling the upper and lower 

tubular support members; 

a lower cam assembly coupled to the lower tubular support member comprising: 

a tubular base coupled to the lower tubular support member; and 
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a plurality of cam arms extending from the tubular base in an upward longitudinal 
direction, each cam arm defining an inclined surface that mates with the inclined 
surface of a corresponding one of the upper expansion cone segments; 

wherein the cams amns of the upper cam assembly are interleaved with and 
overlap the cam amns of the lower cam assembly; and 

a plurality of lower expansion cone segments interleaved with cam arms of the 
lower cam assembly, each lower expansion cone segment pivotally coupled to the 
internal flange of the lower tubular support member and mating with the Inclined 
surface of a corresponding one of the cam arms of the upper cam assembly; 

wherein the lower expansion cone segments interleave and overlap the upper 
expansion cone segments; and 

wherein the upper and lower expansion cone segments together define an 
arcuate spherical external surface for plastically defonning and radially expanding the 
expandable tubular member. 

17. The assembly of claim 16, wherein each upper expansion cone segment 
comprises: 

an inner portion defining an arcuate cylindrical upper surface including a hinge 
groove for pivotally coupling the upper expansion cone segment to the upper tubular 
support member and arcuate cylindrical lower surfaces; 

an intermediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaces; and 

wherein each lower expansion cone segment comprises: 

an inner portion defining an arcuate cylindrical upper surface including a hinge 
groove for pivotally coupling the lower expansion cone segment to the lower tubular 
support member and arcuate cylindrical lower surfaces; 

an intermediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaces. 

18. The assembly of claim 16, wherein each upper expansion cone segment is 
tapered in the longitudinal direction from the intermediate portion to the outer portion; 
and 
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wherein each lower expansion cone segment is tapered in the longitudinal 
direction from the intermediate portion to the outer portion. 

19. A collapsible expansion cone assembly, comprising: 
5 an upper tubular support member comprising an internal flange; 

an upper cam assembly coupled to the upper tubular support member 
comprising: 

a tubular base coupled to the upper support member; and 

a plurality of cam anris extending from the tubular base in a downward 
10 longitudinal direction, each cam arm defining an inclined surface; 

a plurality of upper expansion cone segments interleaved with the cam anms of 
the upper cam assembly and pivotally coupled to the intennal flange of the upper 
tubular support member; 

a lower tubular support member comprising an internal flange; 
15 one or more frangible couplings for releasably coupling the upper and lower 

tubular support members; 

a lower cam assembly coupled to the lower tubular support member comprising: 

a tubular base coupled to the lower tubular support member; and 

a plurality of cam amns extending from the tubular base in an upward longitudinal 
20 direction, each cam arm defining an inclined surface that mates with the inclined 
surface of a corresponding one of the upper expansion cone segments; 

wherein the cams amis of the upper cam assembly are interieaved with and 
overiap the cam anms of the lower cam assembly; and 

a plurality of lower expansion cone segments interleaved with cam amis of the 
25 lower cam assembly, each lower expansion cone segment pivotally coupled to the 
internal flange of the lower tubular support member and mating with the inclined 
surface of a corresponding one of the cam arms of the upper cam assembly; 

wherein the lower expansion cone segments interleave and overlap the upper 
expansion cone segments; 
30 wherein the upper and lower expansion cone segments together define an 

arcuate spherical extemal surface for plastically deforming and radially expanding the 
expandable tubular member; 

wherein each upper expansion cone segment comprises: 
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an inner portion defining an arcuate cylindrical upper surface including a hinge 
groove for pivotally coupling tfie upper expansion cone segment to the upper tubular 
support nnember and arcuate cylindrical lower surfaces; 

an intermediate portion defining arcuate cylindrical and spherical upper surfaces 
5 and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaces; 

wherein each lower expansion cone segment comprises: 

an inner portion defining an arcuate cylindrical upper surface including a hinge 
groove for pivotally coupling the lower expansion cone segment to the lower tubular 
1 0 support member and arcuate cylindrical lower surfaces; 

an intemnediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaces; 

wherein each upper expansion cone segment is tapered in the longitudinal 
15 direction from the intermediate portion to the outer portion; and 

wherein each lower expansion cone segment is tapered in the longitudinal 
direction from the intemnediate portion to the outer portion. 

20. An apparatus for radially expanding and plastically deforming an expandable 
20 tubular member, comprising: 

a tubular support member; 

a collapsible expansion cone coupled to the tubular support member; 
an expandable tubular member coupled to the collapsible expansion cone; 
means for displacing the collapsible expansion cone relative to the expandable 
25 tubular member, and 

means for collapsing the expansion cone. 



21 . The apparatus of claim 20, wherein the tubular support member comprises an 
upper tubular support member comprising an internal flange and a lower tubular 
30 support member comprising an intemal flange; wherein the expansion cone comprises: 
an upper cam assembly coupled to the upper tubular support member 
comprising: 

a tubular base coupled to the upper support member; and 
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a plurality of cam arms extending from the tubular base in a downward 
longitudinal direction, each cam arm defining an inclined surface; 

a plurality of upper expansion cone segments interleaved with the cam arms of 
the upper cam assembly and pivotally coupled to the internal flange of the upper 
5 tubular support member; 

a lower cam assembly coupled to the lower tubular support member comprising: 

a tubular base coupled to the lower tubular support member; and 

a plurality of cam arms extending from the tubular base in an upward longitudinal 

direction, each cam ami defining an inclined surface that mates with the inclined 
1 0 surface of a corresponding one of the upper expansion cone segments; 

wherein the cams amis of the upper cam assembly are interleaved with and 

overlap the cam arms of the lower cam assembly; and 

a plurality of lower expansion cone segments interleaved with cam arms of the 

lower cam assembly, each lower expansion cone segment pivotally coupled to the 
15 internal flange of the lower tubular support member and mating with the inclined 

surface of a con-esponding one of the cam amis of the upper cam assembly; and 

wherein the apparatus further comprises: 

means for releasably coupling the upper tubular support member to (he lower 

tubular support member; and 

20 means for limiting movement of the upper tubular support member relative to the 

lower tubular support member. 

22. The apparatus of claim 20, further comprising: 

means for pivoting the upper expansion cone segments; and 
25 means for pivoting the lower expansion cone segments. 

23. The apparatus of claim 20. further comprising: 

means for pulling the collapsible expansion cone through the expandable tubular 
member. 

30 

24. A collapsible expansion cone, comprising: 
an upper cam assembly comprising: 

a tubular base; and 
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a plurality of cam arms extending from the tubular base in a downward 
longitudinal direction, each cam arm defining an inclined surface; 

a plurality of upper expansion cone segments interleaved with the cam arms of 
the upper cam assembly; 

a lower cam assembly comprising: 

a tubular base; and 

a plurality of cam arms extending from the tubular base in an upward longitudinal 
direction, each cam arm defining an inclined surface that mates with the inclined 
surface of a conresponding one of the upper expansion cone segments; 

wherein the cams arms of the upper cam assembly are interleaved with and 
overlap the cam arms of the lower cam assembly; 

a plurality of lower expansion cone segments interleaved with cam arms of the 
lower cam assembly, each lower expansion cone segment mating with the inclined 
surface of a corresponding one of the cam arms of the upper cam assembly; 

means for moving the upper cam assembly away from the lower expansion cone 
segments; and 

means for moving the lower cam assembly away from the upper expansion cone 
segments. 

25. The apparatus of claim 24, wherein the upper and lower expansion cone 
segments together define an arcuate spherical external surface. 

26. The apparatus of claim 24, wherein each upper expansion cone segment 
comprises: 

an Inner portion defining an arcuate cylindrical upper surface and arcuate 
cylindrical lower surfaces; 

an intermediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaces; and 

wherein each lower expansion cone segment comprises: 

an inner portion defining an arcuate cylindrical upper surface and arcuate 
cylindrical lower surfaces; 

an intermediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 
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an outer portion defining arcuate cylindrical upper and lower surfaces. 

27. The apparatus of claim 24, wherein each upper expansion cone segnnent is 
tapered in the longitudinal direction from the intermediate portion to the outer portion; 
and 

wherein each lower expansion cone segment is tapered in the longitudinal 
direction from the intermediate portion to the outer portion. 

28. A method of radially expanding and plastically defonning an expandable tubular 
member, comprising: 

supporting the expandable tubular member using a tubular support member and 
a collapsible expansion cone; 

injecting a fluidic material into the tubular support member; 

sensing the operating pressure of the injected fluidic material within a first interior 
portion of the tubular support member; 

displacing the collapsible expansion cone relative to the expandable tubular 
member when the sensed operating pressure of the injected fluidic material exceeds a 
predetermined level within the first interior portion of the tubular support member; 

sensing the operating pressure of the injected fluidic material within a second 
interior portion of the tubular support member; and 

collapsing the collapsible expansion cone when the sensed operating pressure of 
the injected fluidic material exceeds a predetennined level within the second Interior 
portion of the tubular support member. 

29. The method of claim 28, further comprising: 

pulling the collapsible expansion cone through the expandable tubular member 
when the sensed operating pressure of the injected fluidic material exceeds a 
predetermined level within the first interior portion of the tubular support member. 

30. The method of claim 29, wherein pulling the collapsible expansion cone through 
the expandable tubular member comprises: 

coupling one or more cup seals to the tubular support member above the 
collapsible expansion cone; 
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pressuring the interior of the expandable tubular nnember below the cup seals; 

and 

pulling the collapsible expansion cone through the expandable tubular member 
using the cup seals. 

5 

31. The method of claim 28. wherein the tubular support member comprises an 
upper tubular support member and a lower tubular support member; and wherein 
collapsfng the collapsible expansion cone comprises displacing the upper tubular 
member relative to the lower tubular support member. 

10 

32. The method of claim 31 . wherein the collapsible expansion cone comprises: 

an upper cam assembly comprising: ^ 
a tubular base; and 

a plurality of cam amns extending from the tubular base in a downward 
15 longitudinal direction, each cam arm defining an inclined surface; 

a plurality of upper expansion cone segments interleaved with the cam arms of 
the upper cam assembly and pivotally coupled to the upper tubular support member; 
a lower cam assembly comprising: 

a tubular base; and 

20 a plurality of cam arms extending from the tubular base in an upward longitudinal 

direction, each cam arm defining an inclined surface that mates with the inclined 
surface of a corresponding one of the upper expansion cone segments; 

wherein the cams arms of the upper cam assembly are interleaved with and 
overlap the cam anns of the lower cam assembly; and 

25 a plurality of lower expansion cone segments interleaved with cam amns of the 

lower cam assembly, each lower expansion cone segment pivotally coupled to the 
lower tubular support member and mating with the inclined surface of a corresponding 
one of the cam amis of the upper cam assembly. 
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Amendments to the claims have been filed as follows 



1. An apparatus for radially expanding and plastically deforming an expandable 
tubular member, comprising: 

5 an upper tubular support member defining a first passage; 

one or more cup seals coupled to the exterior surface of the upper tubular 
support member for sealing an interface between the upper tubular support member 
and the expandable tubular member; 

a collapsible expansion cone coupled to the upper tubular support member; 
10 means for displacing the collapsible expansion cone relative to the expandable 

tubular member; and 

means for collapsing the collapsible expansion cone; 

wherein the expandable tubular member is coupled to the collapsible expansion 

cone. 

15 

2. The apparatus of claim 1, wherein the collapsible expansion cone comprises: 

an upper cam assembly coupled to the upper tubular support member 
comprising: 

a tubular base coupled to the upper tubular support member; and 
20 a plurality of cam arms extending from the tubular base in a downward 

longitudinal direction, each cam arm defining an inclined surface; 

a plurality of upper expansion cone segments interleaved with the cam arms of 
the upper cam assembly and pivotally coupled to the upper tubular support member; 
a lower tubular support member defining a second passage fluidicly coupled to 
25 the first passage releasably coupled to the upper tubular support member; 

a lower cam assembly coupled to the lower tubular support member comprising: 
a tubular base coupled to the lower tubular support member; and 
a plurality of cam arms extending from the tubular base in an upward longitudinal 
direction, each cam arm defining an inclined surface that mates with the inclined 
30 surface of a corresponding one of the upper expansion cone segments; 

wherein the cams arms of the upper cam assembly are interieaved with and 
overiap the cam arms of the lower cam assembly; and 

a plurality of lower expansion cone segments interieaved with cam arms of the 
lower cam assembly, each lower expansion cone segment pivotally coupled to the 



lower tubular support member and mating with the inclined surface of a corresponding 
one of the cam arms of the upper cam assembly. 

3. The apparatus of claim 2. wherein the lower expansion cone segments interleave 
5 and overlap the upper expansion cone segments; and wherein the upper and lower 
expansion cone segments together define an arcuate spherical external surface for 
plastically deforming and radially expanding the expandable tubular member. 
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